THE DELAYED OCCURRENCE AND TOTAL OMISSION OF
ENDOMIXIS IN SELECTED LINES OF
PARAMECIUM AURELIA

T. M. SONNEBORN
(From the Department of Zoslogy, Johns Hopkins Universily)

Experimental control of the process of endomixis in Paramecium
aurelia has been only partly achieved. Jollos (1916), Sonneborn
(1937b) and others have developed methods of inducing endomixis, but
no method of avoiding it completely is known. Temporary suppres-
sion of endomixis was probably attained by Jollos (1916); but the
method employed volumes of culture medium so great as to make it
impossible to ascertain with reliability whether endomixis was occur-
ring or not. The present paper sets forth a method that avoids this
difficulty and provides not only some lines of descent with greatly
extended interendomictic intervals, but also others that never go into
endomixis.

The method is based on the observation (Sonneborn, 19374) that
the interendomictic interval varies greatly in sister lines cultivated
under the same conditions. An attempt was therefore made to sclect
the lines with the longer intervals. This was done by discarding
lines as they went into endomixis and replacing them by new lines
begun with surplus individuals from sister lines that had not yet gone
mto endomixis.  When this 1s done with a group of 12 to 24 daily
isolation lines cultivated under the conditions employed by Sonneborn
(1936), the following phenomena occur. At first, none of the lines go
into endomixis; then, as the “normal’ time for endomixis approaches,
more and more of the lines go into endomixis and have to be replaced
by their sister lines that have not yet gone into endomixis.  During a
period of several weeks, this high frequency of endomixis continues and
necessitates equally frequent eliminations and replacements; but dur-
g the following few weeks the frequency of endomixis greatly de-
crcases and thereafter occurs but rarely.  Selection has thus been
effective in secking out lines in which endomixis completely fails to
occur. Howecever, such lines cannot be continued indefinitely; after
four or five months they dic.

This method has been successfully applied in this laboratory many
times and is now a routine techuique.  As illustrations of the results
obtainable with it, two typical histories will be given in the following

76



77

ClUM

q

DOMINITS IN PARAMI

|

AVOIDANCE OI¢ |

2mno-gns
yOBD POIBUNUID] YDIYM [BOPIAIPUL [RUY By} 03 LeP ISIY Y] UO SIXIWOPUD ul 10j1uddoad jrurstio ayy wou)
JU90SOP JO AUI| J921IP Y} UL SINIUOPUD INOYILM SUOISSY JO IdQLUNU 34} dAIB ¢ pue ‘(7 ‘5 Sulnojjo) sidqunu
5y, -uOISSy INOYILM SSEP OM) J9IJE PAUILIS pu® PI[IIY ‘S PUE (PAIp ‘( SIXIWOPUD SAZNOUILS 57 *S2IN3jmd
901008 11D LM SDININD-(NS 1IIUUOD SIUI [BOIIIDA UINOI( DY [, ‘IUISIP JO $dul] UoNP[Os! A[1ep Judsaidol
Soul} [RIUOZLIOY PIOS DY, DIJ4ND wn1291uD4DJ Y 3deI UL SAUI] DONUOPUI-UOU JO UONID[PG  *] Ol

SAVQ NI Wi L
oct [ix4] ol 001 or g 0L 09 0S ot of o0z o1 [s]
) ChI3—,
TR I—tr

T
£813Ir— "o
LIS v
5 2913 ;
RLig——= 0¢13—
CH Iy

e e L v e
0123 — 6610 1) YIIF— NI

'
'

NZ3r— J '
'
'

012 Ir——r;

9C¢ I—REIr——
ey : :nn.l_.
ST e
£2€ 00— 5620
(iS04 ¢
98¢ Otteq 1—goc o, 8620
P1ga—"

s —

ol 021 o o0l 06 08 23 09 ) 4 0§ 0’ 0l (o}



78 T. M. SONNEBORN

two sections: one of these involves animals of the Johns Hopkins race
R, reported upon in recent papers by the author and associates; the
other involves animals of Woodruff's long-lived race, here designated
117, In the third section, the relation of these results to the variability
of the interendomictic interval is set forth.

Race R
IFigure 1 gives the results of applying the method of selection to a
group of tvpical lines of race R. The entire group was derived from
onc individual in endomixis April 14, 1935, The original 12 lines
descended from this individual went into endomixis between the 14th
and 20th days (after 41 to 63 fissions) following the initial endomixis.

Tapre 1

The frequency of endomixis and of death in relation to the time since the last
preceding endomixis in races R and W of Paramecium aurelia

1 Days since Number of lines Number of
Race | preceding in endomixis per deaths per
endomixis 100 line-days 100 line-days
! 1-13 0 0.8
\ 14-55 23.3 2.6
R ‘ 56-76 6.4 2.4
77-122 0.6 5.9
| 123-130 0 35.8
I 1-30 0 2.0
W 31-76 3.8 0.8
77-130 0.5 +.8
131-163 0 13.4
|

Iach of these lines was replaced at the time of endomixis by a new
line started with a surplus individual from one of the sister lines that
had not yet gone into endomixis. By repeating this process of re-
placement in all the descendant lines whenever endomixis occurred or
might have occurred, some of the lines lived for as much as 130 days
(350 fissions) without cndomixsis.

As shown in Table I, the life of this group of lines fell into five
periods differing markedly in the frequency of endomixis and death.
The first periad, extending to the 13th day, was characterized by the
complete absence of endomixis.  In the second period, from the 14th
to 55th days, many lines went into endomixis and had to be replaced.
The third period, from the 56th to 76th day, was marked by a great
reduction of the number of lines going into endomixis.  In the fourth
period, from the 77th to 122nd day, only three lines went into endo-
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mixis, but the number that died or stopped multiplying increascd.
Finally, in the fifth period, from the 123rd to 130th day, no line went
into endomixis, but the death rate was so high that the group com-
pletely died out. 1In Table L. lines which stopped multiplying and
were found, on staining, not to be in endomixis, are included among
those which died. Experience showed that this was their usual fate.

The main feature of the preceding account is that endomixis did
not occur in certain lnes of descent carried through 350 fissions during
130 days. This was demonstrated by cytological studies. Iach
line of descent was stained on every day that fission occurred; and if
fission failed 1o occur in any line for two successive days the line was
stained and so brought to an end. Since every line that showed any
nuclear condition even remotely suggesting endomixis was discarded,
it is certain that no endomixis was overlooked and that the lines living
through till the end of the experiment had not experienced endomixis
during the entire time.

Race W

The method of obtaining non-endomictic lines of descent was also
applied successfully to race W, though here the detailed results differ
from those obtained with race R. A typical sct of results on race W
1s illustrated by Fig. 2. The group there represented began with four
individuals in endomixis on February 10, 1935. As shown in Table I,
the life of this group is divisible into four distinct periods. In the
first period, extending to the 30th day, there was no endomixis and few
deaths occurred; in the second period, from the 31st to the 76th day,
the frequency of endomixis was at its highest and the dcath rate was
still low;in the third period, from the 77th to 130th day, there were few
endomixes (two certainly, and possibly four), but the death rate showed
a marked increase; in the fourth period, from the 131st to 163rd day,
there were no further endomixes and the death rate reached its peak,
resulting in the extermination of the group.

As in race R, the lines of race W which were carried to the end of
the experiment showed no endomixis during the entire period of
observation. Their life without endomixis extended for 163 days and
included 302 successive fissions. This long period is 5% times as long
as those reported to be typical for this race by Woodruff and Erdmann
(1914) and it includes about seven times as many fissions.

Comparison of the data for the two races given in Table I shows
that the group of race W lincs had a longer initial period without en-
domixis (30 days as compared with 13), and that it at no time at-
tained so high a rate of endomixis or death as did the group of race R
lines. Further, the maximum period without endomixis was longer
in race W than in race R, but included fewer fissions.
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Three other races (71, 2, and S) have been subjected to the same
method of selection with similar results. Tt seems reasonable to sup-
pose that what has heen accomplished in these five races could prob-
ably be done with most or all races of . aurelia under similar cultural
conditions: by selection, lines can be isolated that do without endo-
mixis throughout their lives —a period 5 to 7 times as long as the ordi-
nary interval between successive endomixes.

Variability of the Interendomictic Interval

In the absence of sclection, the extent of the period during which
no nuclear reorganization occurs was shown by Sonneborn (1937a) to
vary greatly. The preceding scctions show that still greater vari-
ability appears when the selection technique is applied.  This greater
variability must be due to the existence of relatively rare lines which,
without any special experimental treatment, have extremely long
interendomictic intervals or even fail completely to undergo endomixis.
Since such lines are very rare, they would ordinarily not be found in
work where the investigator is able to observe only a small sample of a
race. The method of selection serves simply to scek out these lines
and multiply them. \Vithout resorting to any change of cultural
conditions, it provides a means of obtaining both lines that long omit
endomixis and lines that omit it entirely.

SUMMARY

If daily isolation lines of P. aurelia are regularly discarded as soon
as they go into endomixis, and if these are then replaced by sister lines
that have not yet gone into endomixis, it is possible to maintain for
long periods lines which have not been in endomixis since the start of
this procedure. \With this method there were obtained lines of race R
which omitted endomixis for as long as 130 days and 330 fissions, and
lines of race W which omitted endomixis for 163 days and 303 fissions.
At the end of these long periods, all lines died.

In the culture of groups of lines selected in this way, there is an
initial period during which endomixis does not occur; this is followed
by a period in which endomixis occurs in many of the lines (which
have to be discarded); during the remaining history, endomixis occurs
rarcly and cventually not at all, but the death rate rises and results
in the final extinction of the group. The details as to the duration
of these periods and their characteristic death and endomixis rates
differ in different races. The method of sclection emphasizes the
enormous variability of the interendomictic interval.  The extremely
long intervals are very rare, and the selection method is simply a
device for finding these rare lines and multiplying them.
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